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ABSTRACT 
Background: In the past decade, a growing body of research has shown a link 
between attention-deficit/hyperactivity disorder (ADHD) and obesity. Recently, 
studies in adults and children began exploring the possible neurobiological and 
behavioral mechanisms responsible for the association of ADHD with obesity. 
Stimulant medications used to treat ADHD might also play a protective role 
against weight gain in individuals with ADHD. Objective: The current pilot study 
set out to create and test a protocol that explores differences in obesogenic 
eating behaviors between typically developing (TO) children and children with 
ADHD who are either taking ADHD medication (AD HO-M) or have been off of 
ADHD medication (ADHD-NM) for the past 3 months. Given that children with 
ADHD are often on medication , this pilot also allowed us the opportunity to 
assess the feasibility of recruiting children with ADHD-NM. Methods: The 
Children's Eating Behaviour Questionnaire (CEBQ) was used to measure eating 
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behaviors between three groups of 6-11 year old children; TD (n=6) , ADHD-M 
(n=9), and ADHD-NM (n=3) . To our knowledge this is the first study to use the 
CEBQ as a measure of eating behaviors in children with ADHD. The protocol 
consisted of a telephone screen for inclusion and exclusion criteria , followed by 
one study visit where the CEBQ was administered along with 4 other 
questionnaires that will be analyzed as part of a larger study. Information was 
also collected on recruitment efforts, effectiveness of screening tools, and 
duration of study visit. Results: We found statistically significant differences in 
satiety responsiveness (p=0.008) among children with ADHD-M and ADHD-NM , 
and difference (p=0.022) among children with ADHD-M and typically developing 
(TD) in the desire to drink domain. We observed in the fussiness domain , 
borderline significant differences among children with ADHD-M and TD children 
(p=0.079) and in the emotional under-eating domain differences for children with 
ADHD-M and children with ADHD-NM (p=0.066) . Also, there was a trend in the 
food responsiveness domain that suggested children with ADHD-NM were more 
responsive to food cues than the other two groups. There were no statistically 
significant differences seen between ADHD-NM and TD groups in the following 
three domains; slowness in eating , enjoyment of food , and emotional over-eating . 
As suspected, it was difficult to recruit children with ADHD-NM therefore ; the 
small sample size may have limited our ability to detect significant differences. 
Conclusion: The pilot study showed statistically significant differences in one 
obesogenic CEBQ domain, satiety responsiveness, and a possible trend in the 
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food responsiveness, which is another obesogenic domain. The differences 
suggest that children with ADHD-NM might be less responsive to internal satiety 
cues than children with ADHD-M, and more responsive to food cues than TO 
children or children with ADHD-M . The pilot also suggested differences between 
groups in three other domains; desire to drink, fussiness , and emotional under-
eating . Exploring these possible differences further could give insight into the 
mechanism contributing to the observed higher obesity risk in individuals with 
ADHD compared to individuals without ADHD. 
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INTRODUCTION 
Over the last twenty years , childhood obesity has been identified as a rapidly 
increasing health problem in modern society. According to the Centers for 
Disease Control and Prevention's National Health and Nutrition Examination 
Survey (NHANES), 33.2% of children ages 6 through 19 living in the USA are 
considered overweight, while 18.2% are considered obese. 1. An expert 
committee on pediatric obesity recommends that children who have a body mass 
index (BMI) ranging between the 85th and 94th percentile are referred to as 
overweight, while children whose BMI is greater than or equal to the 95th 
percentile are referred to as obese. Although BMI does not directly measure 
body fat, it is highly correlated with body fat in children? 
Childhood obesity can have significant consequences on a child 's physical and 
psychosocial health. Results of several studies indicate that children who are 
overweight and/or obese have an increased risk of hypertension, insulin 
resistance, accelerated atherosclerotic process, and fatty liver disease.3-5 Being 
overweight or obese in childhood and adolescence also can increase the risk of 
becoming obese in adulthood by three and four-fold respectively .4•6-8 Since 
childhood obesity can persist into adulthood , it also increases the likelihood of 
obesity-related disorders in adulthood . Obesity in adulthood can lead to serious 
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health risks such as cardiovascular disease, Type 2 Diabetes, some forms of 
cancer, and stroke.9 
Obesity is a multifactorial condition that results from several interacting factors 
including social , behavioral , cultural , physiological , metabolic, and genetic 
factors .9 Due to the increasing prevalence of childhood obesity, efforts are now 
underway to identify groups of children that have an increased risk of becoming 
obese or overweight. For example, investigators have shown a substantially 
higher rate of obesity among youth with intellectual/developmental disabilities.10 
In the past decade, an increasing number of studies have also suggested a link 
between overweight and obesity in individuals with attention/deficit hyperactivity 
disorder (ADHD). 11-18 At first it might seem counterintuitive to investigate the 
presence of obesity in individuals with ADHD, since some might assume that 
increased physical hyperactivity and energy expenditure might help protect 
against weight gain. However, the growing body of literature has documented a 
higher prevalence of obesity in ADHD individuals and an overrepresentation of 
ADHD among obese individuals. 11 ·12·16·19 
Attention/Deficit Hyperactivity Disorder (ADHD) is one of the most common 
neurobehavioral conditions of childhood . In a recent estimate using the National 
Survey of Children's Health, 7.8% of American youth ages 4 to 17 years reported 
having an ADHD diagnosis.2° Core features of this disorder include 
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developmentally inappropriate symptoms of inattention, impulsivity, distractibility, 
and/or hyperactivity.21 Children with ADHD suffer from clinically significant 
impairments in social and academic functioning across different settings such as 
school , home, and with peers. ADHD is divided into three subtypes: inattentive, 
hyperactive-impulsive, and combined . Children with symptoms of the inattentive 
type have difficulty sustaining attention in tasks or play activities, following 
through with instructions, organizing themselves, and are easily distractible. 
Children with the hyperactive-impulsive type often fidget with their hands and 
feet, run and climb about excessively, and talk too much. They also exhibit 
impulsive behaviors such as having difficulty waiting their turn and interrupting or 
intruding on others. If children meet the criteria for both the inattentive and 
hyperactive-impulsive subtypes then they are diagnosed with the combined 
subtype.21 Impairing symptoms of ADHD may persist into adulthood in up to 60% 
of cases.22 Also, the reported rate of ADHD in adults in the US is approximately 
4% of the general population. 23 
One of the first studies to examine the prevalence of adult ADHD in an obese 
population was published in 2002.11 In a sample of obese patients seeking 
weight Joss treatment, Altfas et al. found that 27.4% met diagnostic criteria for 
ADHD, which was six times the national average in the general adult population. 
Nearly half of the obese patients with a BMI of 40 or greater were diagnosed with 
ADHD.11 In another clinical study, almost a third of severely obese women 
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referred for non-surgical treatment of obesity reported symptoms of childhood 
and adult ADHD.12 Pagoto et al. 19 found in a behavioral weight loss program that 
along with a higher prevalence of ADHD in a clinically obese sample, patients 
with ADHD symptoms were half as likely to lose clinically significant weight. They 
were also more likely to have had more short-lived weight loss attempts 
compared to their counterparts without symptoms. 
Studies also show evidence of an increased prevalence of obesity among 
individuals with ADHD. For example, Pagoto et al. 13 used data from a nationally 
representative sample of adults in the United States and found that adults with 
ADHD had approximately 60% and 80% increased odds of being overweight and 
obese respectively, compared to people without ADHD. Similar results were 
found in a community-based sample of the German population where the 
prevalence of obesity was 22 .1% among adults with ADHD compared to only 
10.2% in persons without ADHD. In addition, the prevalence of ADHD in the 
obese populations was approximately two and a half times as much as in the 
overweight/normal-weight participants. This association remained after adjusting 
for potential confounding factors such as depression, anxiety, and binge eating. 16 
Several studies have also found an elevated prevalence of obesity in children 
with ADHD. For example, Holtkamp et al.24 disproved their own hypothesis that 
hyperactivity in boys with ADHD would have a protective effect on the 
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development or persistence of overweight and obesity. In their sample of 5-14 
year old boys with ADHD, 19.6% had a BMI of greater or equal to 901h percentile 
and 7.2% had a BMI of greater than or equal to the 9ih percentile, which was 
significantly higher than the reference group.24 In a population-based study of 
Chinese students ages 13-17 years, children with ADHD symptoms had a 1.4-
fold higher risk for obesity.25 A study using the National Survey of Children's 
Health (NSCH) found that prevalence of obesity in children with ADHD was 34% 
higher than children without any developmental , behavioral or physical 
conditions.15 Further, Fuemmeler et al. 17 analyzed a large population-based 
sample of US adolescents and found a dose-response increase in risk of obesity 
associated with increasing ADHD symptoms. Erhart et al. 18 also examined the 
relationship of ADHD and obesity through a nationally representative community-
based sample of German children and found a bidirectional relationship. Both the 
likelihood of having ADHD in the overweight/obese children and the likelihood of 
being overweight if diagnosed with ADHD increased almost two-fold when 
compared to normal weight children .18 Similar findings were reported by 
Agranet-Meded et al.26 who found in a clinical sample of 26 children ages 8-17 
years hospitalized for obesity treatment, that 57.7% of the children had ADHD 
compared to 10% in the general population for the same age group . The authors 
also pointed out that only 40% of these participants were diagnosed before being 
hospitalized , recommending that obese children be screened for ADHD.26 
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Possible Mechanisms of Action 
Almost a decade of research has established a link between ADHD and obesity. 
As outlined above, researchers have analyzed population-based and clinical 
studies in adults and children with ADHD to highlight the increased prevalence of 
obesity in persons with this neurodevelopmental disorder. However, little 
research has examined the mechanistic link between ADHD and obesity. 
Recently, research has started to move from identifying comorbidity prevalence 
rates to identifying the mechanisms underlying these overlapping conditions. 
Neurobiological mechanisms 
One theory that has been proposed for both ADHD and obesity is the 'reward 
deficiency syndrome.' Reward deficiency syndrome implies that there is 
inadequate dopaminergic activity in the brain reward centers?7 In persons with 
reward deficiency syndrome, addictive substances are often used as a form of 
'self-medication ' to boost a hypo-dopaminergic functioning reward system.28 
Animal studies and clinical studies have shown that excessive intake of palatable 
foods express similar patterns of effect in the brain and in behaviors that are 
seen in drugs of abuse, i.e., activating dopamine pathways.29 For example, 
Pickering et al. 30 showed that upon discontinuation of high-fat and high-sugar 
foods, rats increased their motivation (i.e. , craving) for the food and increased 
their level of anxiety. 30 As with individuals with drug addiction, lower dopamine 
receptors have been found in obese31 persons and in individuals with ADHD. 32 
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Since intake of highly palatable and energy dense foods have dopamine-
activating properties , then overeating among individuals with ADHD may signify 
attempts at self-medication.33 Tendencies toward self-medication are common in 
ADHD, given the high rates of alcohol and substance abuse in th is population.34 
Patients with ADHD have also been found to be more vulnerable to craving-like 
behavior?2 In a recent experimental study, Volkow et al. 35 found that adults with 
ADHD had a diminished capacity for dopamine-receptor binding in the dopamine 
reward pathway that was also negatively correlated with symptoms of 
inattention .35 The theory of reward deficiency syndrome observed in obesity and 
ADHD could partially account for the significantly higher than expected 
prevalence of obesity in the ADHD population . 
Behavioral Mechanisms 
At the behavioral level , research has found that individuals with ADHD have 
higher levels of eating disorders and dysregulated eating . Biederman et al. 36 
found that girls with ADHD were 3.6 times more likely to meet criteria for an 
eating disorder. In their study of adults with ADHD using a nationally 
representative dataset, Pagoto et al. 13 found that binge eating disorder partially 
mediated the association between ADHD and obesity. They hypothesized that 
adults with ADHD may overeat in response to negative moods and 
environmental cues since individuals diagnosed with ADHD have difficulty 
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regulating their emotions. 13 A recent study has also found that the prevalence of 
obesity in adults with ADHD decreased but still remained significant after 
adjusting for binge eating disorder.16 These studies suggest that eating disorders 
may partly explain the link between ADHD and obesity. 
Little research has focused on how ADHD subtypes (impulsive-hyperactive , 
inattentive, and combined) might contribute to the comorbidity between ADHD 
and obesity. For instance, impulsivity can be characterized as diminished 
sensitivity to negative consequences of behavior in the future and heightened 
drive for immediate rewards.28 In a recent study of children with ADHD ages 11 
to 17 years, Erhard et al. 18 showed a significant positive correlation between 
impulsivity symptoms and increased BMI. It is also interesting to note that obese 
individuals struggle with impulse control as well. For example, Nederkoorn et al. 37 
used two measures for impulsivity, inhibitory control , and sensitivity to reward , 
which showed that obese children were more sensitive to reward and less able to 
inhibit ongoing motor responses as compared to lean children. Also, Galanti et 
al.38 found that food intake via a liquid test meal, is correlated positively with trait 
impulsivity in adults with binge eating disorder or with subthreshold binge eating. 
Inattention is the least studied out of the two ADHD traits however recent studies 
suggests that inattention might contribute to obesogenic behaviors. Inattention is 
a deficit in the ability to sustain attention and concentration. Relative to the 
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development of obesity, inattention may also decrease habituation to food 
cues. 17 The concept of habituation is a well-established phenomenon, where 
there is a reduced physiological and behavioral responsiveness to a repeated 
food cue followed by reduced caloric consumption. 39-41 Epstein et al.42 showed 
that children involved in an attentionally demanding search task did not habituate 
to repeated food cues while children not involved in a mentally demanding task 
decreased their responses to the repeated food cues over time. In regards to 
ADHD, Fuemmeler et al. 17 found that inattentive ADHD symptoms in a 
representative sample of adolescents were related to higher BMI. Thus, it was 
hypothesized that children with deficits in the ability to sustain attention may be 
less likely to habituate to food cues and therefore consume more calories. Due to 
the aforementioned differences between behaviors in ADHD subtypes, more 
research is needed to investigate how each subtype could possibly contribute to 
the increased obesity risk seen in the ADHD population . 
Effects of Medication Use 
In the course of examining the link between ADHD and obesity, research has 
found that the first line treatment for ADHD, psychostimulant medication (e.g ., 
methylphenidate),43 may have protective effects against weight gain. Stimulant 
medication is known to suppress appetite and cause weight loss.44 Several 
studies have documented this phenomenon. Waring and La pane 14 conducted a 
large US study using a nationally representative sample of children and 
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adolescents from the National Survey of Children's Health. They found that 
unmedicated children with ADHD were 1.5 times more likely to have a BMI at or 
above the 951h percentile when compared to children without ADHD. However, 
they also found that children taking medication for ADHD had a 1.6 times the risk 
of being underweight compared to typically developing children. These 
associations remained after adjusting for potential confounders such as age, 
gender, race/ethnicity, socioeconomic status, and depression/anxiety. 14 In a 
retrospective chart review of children ages 6-19 with ADHD, Curtin et al.45 found 
that children who were not taking stimulants were more than twice as likely to be 
overweight when compared to the children on medication for ADHD. A recent 
study confirmed that medication is a protective factor for obesity among children 
with ADHD. In the NSCH, Kim et al.46 found that obesity status in children with 
ADHD differed by medication status and gender: boys who were not medicated 
for ADHD were almost twice as likely to be obese when compared to boys on 
medication. Girls who were not medicated were a third more likely to be obese. 
The overall risk for obesity in children ages 6-17 years who were unmedicated 
compared to children without ADHD was 1.42 and 1.85 for boys and girls, 
respectively . Given the findings that suggest that unmedicated individuals with 
ADHD are at a higher risk for obesity and the fact that not all people with ADHD 
will necessarily take medication throughout their lifespan , it is important to 
understand the mechanistic factors associated with ADHD symptoms and the 
development of obesity. 
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Study Aims 
The purpose of this pilot project was twofold: (1) to examine whether children 
with ADHD have different eating behaviors then typically developing children ; (2) 
to develop, implement and assess the feasibility of a new protocol. The specific 
aims of the study were as follows: 
Specific Aim 1a. To determine whether children with ADHD have different 
eating behaviors than typically developing children. 
Specific Aim 1b. To determine whether children with ADHD who are 
treated with medication have different eating behaviors than children who are not 
taking medication and whether these two sub-groups of children are different 
from typically developing children. 
The Children's Eating Behaviour Questionnaire (CEBQ)47 (see appendix 
A), was used to assess children 's eating behaviors. The CEBQ is a parent-
report instrument that is used to assess eating behaviors in children, including 
eating behaviors that are thought to be obesogenic.48 We hypothesized that 
children with ADHD who are not taking ADHD medication (ADHD-NM) would 
show decreased satiety responsiveness, increased food responsiveness, and 
increased emotional overeating than children who are typically developing. Also, 
we hypothesized that these three obesogenic eating behaviors would not differ 
between typically developing children and children with ADHD who are currently 
treated with ADHD medication (ADHD-M). The CEBQ has been used to assess 
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obesity risk in children without ADHD; 49 however, to our knowledge it has not 
been used to examine obesogenic eating behavior in children with ADHD. 
Specific Aim 2. To ascertain the feasibility of implementing this new 
study protocol in this population of children. Assessment of feasibility includes: 
(a) determining the recruitment rates of children with ADHD on and off 
medication as well as typically developing children . We were particularly 
interested in how difficult it would be to recruit children not currently taking 
medication since research suggests that about 40% of children diagnosed with 
ADHD are not treated with ADHD medication.20 
(b) assessing feasibility and effectiveness of the screening and study visit 
protocol (i.e. , were we able to include and exclude participants based on our 
criteria; were parents able to answer the questions on the screening tools ; was 
the full study visit protocol completed in the estimated time frame) ; 
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Goals of Pilot Project 
1. Develop a pilot study to help support a larger study 
2. Develop a hypothesis to test within the pilot study 
3. Design and test the workability of a new research protocol 
4. Obtain Institutional Review Board approval for the protocol 
5. Develop an effective screening protocol for a new population 
6. Test the feasibility of recruitment 
7. Use a validated instrument in a new population 
8. Develop a database, coding scheme, and analysis to test hypothesis 
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METHODS 
Location 
The research was conducted at the University of Massachusetts Medical School 
Eunice Kennedy Shriver Center in Waltham , MA. As this was a new protocol , this 
required a new application for IRB approval as well as the development of 
informed consent and assent procedures and documents. Approval was 
obtained from the University of Massachusetts Medical School Worcester 
Institutional Review Board. 
Pilot Study Development 
The current study was part of a larger pilot study that was designed to examine a 
variety of factors related to obesity in children with ADHD, including eating 
behaviors, eating patterns, child mealtime behaviors, and parent feeding 
practices. Because the literature suggests that children with ADHD who take 
ADHD medication (ADHD-M) have a lower risk of obesity than children not taking 
ADHD medication (ADHD-NM), we were especially interested in making 
comparisons between these two groups as well as typically developing children 
without ADHD. 14.45•46 The larger protocol included administration of the following 
5 parent-report questionnaires: 1) a Demographic Questionnaire (DQ); 2) a Food 
Frequency Questionnaire (FFQ) for the child (a modified Youth/Adolescence 
FFQ50 as described in Bandini et al.5\ 3) the Child Eating Behavior 
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Questionnaire (CEBQ)47 ; 4) the Comprehensive Feeding Practices Questionnaire 
(CFPQ)52 and 5) the Meals In Our Household Questionnaire (MIOH)53 The focus 
of the present study, was on children 's eating behaviors, as assessed by the 
CEBQ. The CEBQ measures include items that examine children's 
responsiveness to and enjoyment of food , satiety responsiveness, slowness in 
eating, fussiness, desire to drink, and emotional over- and under-eating . We also 
used a Demographic Questionnaire (DQ) to describe the participants' 
demographic and family characteristics. 
Secondly, the pilot study was designed to determine the feasibility of 
implementing this new study protocol as described in study aim 2. Information 
was collected on recruitment efforts, effectiveness of screening tools, and 
duration of study visit. 
Participants 
With the support of the Shriver Center's Intellectual Disabilities and 
Developmental Disabilities Research Centers (IDDRC) we recruited participants 
through collaboration with local ADHD organizations, parent support networks, 
special needs ListServs, and postings to websites and school-based 
organizations. The goal was to recruit thirty children ages 6-11 years , twenty 
children of whom were diagnosed with ADHD (n=20) and ten of whom (n=10) 
were typically developing children. Of the 20 children with ADHD, the goal was to 
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recruit ten (n=10) children taking ADHD medication (ADHD-M) and ten (n=10) 
children with ADHD who were not taking ADHD medication (ADHD-NM). The 
typically developing children served as the comparison group. Due to the narrow 
time constraints and very limited financial resources, a total sample size of 30 
was chosen for the pilot sample size. 
To be included in the ADHD category, the parents of children with ADHD needed 
to acknowledge that their child had received an official diagnosis of ADHD from a 
pediatrician or a healthcare professional. The diagnosis also needed to be 
confirmed during screening via the Vanderbilt ADHD Diagnostic Parent Rating 
Scale. Children in the ADHD-NM group also needed to either never have been 
on ADHD medication, or not have taken ADHD medication for at least 3 months 
before the study visit. Children who were either typically developing or had not 
been formally diagnosed with ADHD were excluded if they described symptoms 
of inattention or hyperactivity that interfered with everyday academic or 
behavioral performance as assessed by the Vanderbilt. Our rationale was that in 
the absence of a full diagnostic work-up by a professional , screening for 
symptoms with the Vanderbilt is not sufficient to establish a diagnosis and thus 
children could be misclassified. 
Children who were diagnosed with the following conditions were excluded: heart 
disease, cystic fibrosis , diabetes, kidney/renal disease, asthma with multiple 
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hospitalizations, seizure disorder, bipolar illness, celiac disease, colitis , crohn 's 
disease, phenylketonuria , and a history of cancer. Children currently taking other 
appetite-suppressing medications (e .g. tricyclics, steroids, atypical 
antipsychotics) were also excluded from the study. To isolate the effects of an 
ADHD diagnosis, children diagnosed with psychosis or a developmental disorder 
such as autism or intellectual disability were excluded from the study. 
Procedure 
Prior to initiating the study we developed a standardized protocol for screening 
participants and conducting study visits. Parents interested in the study were 
invited to call or e-mail the study team at the Shriver Center. First the parents 
participated in a 15-minute phone screen interview. During the phone screen an 
ADHD diagnostic instrument, the Vanderbilt ADHD Diagnostic Parent Rating 
Scale, was administered to the parent. The parents were also asked to indicate 
the child 's age, ADHD status, and medication status along with any of the 
exclusionary criteria mentioned above. The Vanderbilt was used to confirm the 
presence or lack thereof an ADHD diagnosis. For the group of ch ildren with 
ADHD who were currently taking ADHD medication , the parents were asked to 
answer the Vanderbilt in a way that would reflect the child 's behaviors and 
performance issues when not taking ADHD medication . This allowed us to 
accurately screen for ADHD symptoms since medication often masks ADHD 
symptomatology. Upon completion of the phone screen and meeting study 
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criteria , parent(s) and child were invited to the E.K. Shriver Center for the study 
visit. 
The study visit was conducted at the E.K. Shriver Center. One parent and the 
child were required to attend the study visit. Upon arrival , the parent gave written 
informed consent, and assent was obtained from the child . The child and parent 
was weighed and measured on a Seca portable scale and digital stadiometer. If 
both parents did not attend the visit, a self-report of height and weight was 
obtained for the other biological parent. After weight and height were measured 
the parent was asked to fill out five questionnaires on family demographics, the 
types of foods the child eats , child eating patterns, child eating behaviors , and 
parental feeding practices. These questionnaires included: 1) a Demographic 
Questionnaires (DQ); 2) the Food Frequency Questionnaire (FFQ) for the child ; 
3) the Child Eating Behavior Questionnaire (CEBQ); 4) the Comprehensive 
Feeding Practices Questionnaire (CFPQ); and 5) the Meals In Our Household 
Questionnaire (MIOH). After the questionnaires were filled out, while the 
participants were still at the research site, the research assistant checked 
through each questionnaire for completeness and gave the parent(s) a chance to 
answer questions that were skipped unintentionally. During the study visit 
parents were periodically asked if they had any questions or concerns regarding 
the questionnaires. The concerns/questions and length of the study visited were 
recorded in a study notebook. The parents were compensated with a gift card to 
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a local retail or a grocery store and the child received a book filled with games 
and puzzles. 
Measures 
Anthropometric 
The parent(s) and child were weighed in light clothing once and with no shoes on 
a Seca portable digital scale calibrated to 0.1 kg. Height was measured using a 
wall-mounted Seca stadiometer calibrated to 0.1 em. 
Weight status of both child and parent was based on the body mass index (BMI) 
(kg/m2) . BMI is calculated from height and weight measurements and was used 
as the criteria to identify overweight and obesity. Children 's BMI was calculated 
based on CDC's childhood growth chart that are sex and age specific. 54 Children 
with a BMI at or above 85th percentile and below 95th percentile were classified 
as overweight while children at or above 95th percentile were classified as 
obese.1 Parent's weight status was calculated using the following criteria: parents 
with a BMI ~ 25 were considered overweight, while parents with a BMI ~ 30 were 
considered obese. 55 
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Questionnaires 
Each questionnaire is described briefly below: 
1. Vanderbilt ADHD Diagnostic Parent Rating Scale is a validated parent 
questionnaire for elementary school aged children that helps assess for 
ADHD symptoms meeting the diagnostic criteria. It consists of 47 brief 
items about the child 's behavior asked on a 4-point scale (Never, 
Occasionally, Often, Very Often). It can be administered in less than 10 
minute. 56 We modified the format of the Vanderbilt so that it could be 
administered and scored during a telephone screening. 
2. The Demographic Questionnaire (DQ) was developed to include 
information on the child 's current health status and medical history along 
with demographic information on the child 's family , including child 's age, 
race/ethnicity , and parental marital and education status. 
3. The Child Eating Behaviour Questionnaire (CEBQ) is a validated , 35-item, 
5-point Iikert scale questionnaire used to assess eight domains of a child 's 
eating behaviors as they are related to obesity.47 The CEBQ is divided into 
the following eight eating style domains: desire to drink (DD), enjoyment of 
food (EF) , emotional over-eating (EO), emotional under-eating (EU) , food 
responsiveness (FR), fussiness (FU), slowness in eating (SE), satiety 
responsiveness (SR). The CEBQ has shown to have good internal 
reliability and has been validated against behavioral measures of eating in 
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children ages 4 to 11 yr.48·57 The CEBQ was used to determine if children 
with ADHD have different eating behaviors than typically developing 
children. 
Feasibility 
To assess the feasibility of the pilot study we assessed aspects of recruitment 
and protocol implementation. We assessed the success of our recruitment for 
children with ADHD off medication by determining how many parents of children 
with ADHD off medication responded to our recruiting efforts in comparison to 
children with ADHD on medication, and of these , how many inquires resulted in 
phone screens and scheduled study visits. 
For protocol implementation we were interested in: 1) determining the practicality 
of using the Vanderbilt screening measure during the phone interview; and 2) 
how long it would take to complete the study visit. 
Data Entry and Analysis 
All data were entered into EpiData software. An identical second database was 
created for double entry in order to minimize input error. Analysis of descriptive 
statistics (mean, standard deviation , maximum and minimum values) and 
distribution of scores for each CEBQ domain were performed . For domain mean 
scores, answers were summed and divided by the number of items in that 
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domain. Normal sample distribution was identified using a visual representation 
and lack of significant difference was defined by a p ~ 0.05. To identify 
statistically significant differences of domain means between participant groups, 
we performed a general linear model (GLM) for normally distributed domains and 
Kruskai-Wallis Test on the domains that were not normally distributed . If the GLM 
produced an F :5 0.05 then we ran a two-sample t-test to identify differences 
among means on the CEBQ domains. For domains that were not normally 
distributed and showed a statistically significant difference between the three 
groups, we used the Wilcoxon Rank Sum Test to test for differences between 
two participant groups at a time. Because of our small sample size , we also 
explored whether group differences existed at p <0.1. Data were analyzed using 
SAS version 9.1. 
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RESULTS 
Data from a total of 18 participants were analyzed . A flow chart describing the 
recruitment outcomes is shown in Figure 1. The study sample consisted of 9 
children with ADHD who were on medication (ADHD-M), 3 children with ADHD 
who were not on medication (ADHD-NM), and 6 typically developing children 
without ADHD (TD). Ages were similar among the three groups (TD=8.9 yr, 
ADHD-M=8.3 yr and ADHD-NM 9.4 yr) . Children with ADHD-M and ADHD-NM 
were predominantly male (77.8% and 66.7% respectively) while typically 
developing children were predominately female (66.7%). The majority of the 
sample were non-Hispanic whites . Mean BMI percentile was similar among the 
three groups, with the ADHD-NM group having the highest mean BMI percentile 
(TD = 53.1 %, ADHD-M= 54.2%, ADHD-NM= 65.4%). None of the children had a 
BMI that would classify them as obese, but two participants were classified as 
overweight. Participant characteristics are indicated in Table 1. 
Specific Aim 1 Results 
To determine whether eating behaviors of children with ADHD differed from 
children without ADHD, we analyzed the responses obtained on the CEBQ. We 
examined whether differences existed between TO children , children with ADHD-
M and children with ADHD-NM. There are 8 domains on the CEBQ. Table 2 
shows the mean and standard deviation for each domain in the three groups. 
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Before comparing the means among the three groups we examined the sample 
distributions for normality. All of the domains except desire to drink and emotional 
over-eating were normally distributed. However, because of our small sample 
size we also used a visual representation to test for normality and found that 
three other domains had skewed distributions; food responsiveness, fussiness 
and emotional under-eating. When analyzing differences in domains, we found 
significant group differences in the satiety responsiveness (p=0.024) and desire 
to drink domains (p=0.014), and borderline group differences for the emotional 
under-eating (p=0.069) and fussiness domains (p=0.062). 
Further analysis of differences between each participant group revealed 
statistically significant differences in satiety responsiveness between AOHO-M 
and AOHO-NM (AOHO-M=3.6±0.7, AOHO-NM=2.1±0.6; p=0.008) and in the 
desire to drink domain between AOHO-M and TO groups (AOHO-M=3.4±1.4, 
T0=1 .7±0.3; p=0.022). Borderline significant differences were seen in the 
fussiness domain between AOHO-M and TO (AOHO-M=4.0±0.8, T0=3.1 ±0.7; 
p=0.079) and in the emotional under-eating domain between AOHO-M and TO 
(AOHO-M=3.1 ±0.9, T0=2.0±1.2; p=0.066). 
In several domains, although not statistically significant, mean scores suggested 
that clinically relevant differences may exist between the groups. For example, in 
the enjoyment of food domain , children with AOHO-NM had the highest mean 
24 
score of 4.1 ±0.9 as compared to TO and AOHO-M children who had mean 
scores of 3.3±0.8 and 3.2±0.6, respectively. Similarly, in the slowness in eating 
domain, AOHO-NM children differed from AOHO-M and TO children with means 
of 1.7±1.2, 2.9±1.2, and 2.8±0.5, respectively. Scores in the food responsiveness 
domain showed an increasing trend among the three groups, where TO children 
had the lowest score at 1.8±0.7, followed by AOHO-M with a score of 2.5±1 .0, 
and AOHO-NM children scoring the highest at 3.2±1.7. 
Specific Aim 2 Results 
Recruitment results of participants are depicted in Figure 1. Overall , 55 people 
called to inquire about the study. Of these, 37 continued on and completed the 
phone screen. The remaining 18 inquiries did not result in a phone screen, of 
which 17 were children with AOHO (3 AOHO-M, 1 AOHO-NM, and 13 were not 
known) and 1 for whom we did not know if they had AOHO or not. Of the children 
phone screened, 26 were eligible for the study and 19 completed the study visit. 
Of the remaining 7 participants that did not complete the study visit 6 where 
evenly split between typically developing (TO) and AOHO-NM children , while 1 
was a child with AOHO-M. The same recruitment methods were used for both of 
the ADHD groups but 3 times more children with ADHD-M were enrolled than 
AOHO-NM. 
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The screening tools were effective in both including and excluding children based 
on our criteria as seen in Figure 1. The modifications made to the Vanderbilt 
screening tool for use over the phone were also successful. Parents of children 
with ADHD-M were able to answer the Vanderbilt behavioral questions based on 
how their child behaved before starting medication. The study visit took on 
average an hour to an hour and a half to complete, which appeared to be 
acceptable to the participants. 
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DISCUSSION 
The present pilot study set out to investigate the eating patterns of children with 
ADHD as a first step in exploring further the observed link between ADHD and 
obesity in children. Since research suggests that ADHD medication affects 
weight status, we studied children with ADHD who were taking ADHD medication 
(ADHD-M) and children who were not taking ADHD medication (ADHD-NM), and 
then compared them to typically developing children . Using the CEBQ parent-
report questionnaire, we hypothesized that we would see differences in three 
eating behaviors that are thought to be obesogenic; satiety responsiveness , food 
responsiveness, and emotional overeating .47 .48·58 
Of the three obesogenic domains, we observed a statically significant difference 
in only one of the hypothesized domains, the satiety responsiveness domain . We 
found that children with ADHD-NM had lower satiety responsiveness (p=0.008) 
than children who had ADHD-M. Satiety responsiveness is the degree to which 
an individual stops eating or chooses not to eat based on their perceived 
fullness. 48 Behavioral studies have shown that overweight children have lower 
responsiveness to internal satiety cues. 59·60 . In addition , Waring and Lapane14 
found in their nationally representative sample of children and adolescents that 
unmedicated children with ADHD had a 1.5 fold higher risk of obesity while 
medicated children with ADHD had a 1.6 fold increased risk of underweight than 
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typically developing children. Lower satiety responsiveness in children with 
ADHD-NM is consistent with recent literature linking ADHD to an increased risk 
of obesity, suggesting that ADHD medication may have a protective effect 
against weight gain .14.45.46 We observed a potential trend that suggested children 
with ADHD-NM had lower satiety responsiveness and children with ADHD-M had 
higher satiety responsiveness compared to typically developing children. A larger 
sample size is needed to confirm these findings and thus support our hypothesis 
that children with ADHD-NM would have lower satiety responsiveness than 
typically developing children. 
Although not part of our hypotheses, we also observed a statistically significant 
difference in the desire to drink domain among the three groups of children. We 
found that children with ADHD-M scored significantly higher on their desire to 
have a beverage than typically developing children . Children with ADHD-NM 
showed borderline significantly higher scores in the desire to drink than typically 
developing children. Although the mean scores for ADHD-NM and ADHD-M 
groups were the same, the sample size for the ADHD-NM group was much 
smaller which may have limited the ability to detect differences. A larger study 
would allow us to examine whether an increased desire to drink among children 
with ADHD-NM is significant. A study by Sweetman et al. 61 found that children 
scoring higher on the desire to drink domain also had higher preferences for and 
consumption of sugar-sweetened soft drinks. They found no relationship between 
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the desire to drink domain and liking for or intake of water or 100% fruit juice. In a 
review of longitudinal studies on the relationship between sugar-sweetened 
beverage consumption and changes in adiposity, Must et al.62 found that there is 
consistent support in literature of a positb.te association between sugar-
sweetened beverage consumption and obesity. Based on the trends observed in 
children with ADHD, further exploration into the types of beverages that are 
consumed would be an important undertaking. 
We also observed borderline statistically significant differences and trends in 
three food avoidance domains, i.e. , the fussiness, emotional under-eating, and 
slowness in eating domains. Fussiness refers to a child 's high selectivity in the 
food s/he accepts, while emotional under-eating refers to eating less food during 
negative emotional states. Slowness in eating captures children 's tendency to 
pick at food or take more than 30 minutes to finish a meal.47 Children with AD HO-
M scored higher on the fussiness and emotional under-eating domains when 
compared to typically developing children . In addition , the difference between 
ADHD-NM group and the other two groups were not significant, but there was a 
trend that suggested children with ADHD-NM had the lowest scores in both of 
these food avoidance domains. Children with ADHD-NM also scored the lowest 
on slowness in eating where as ADHD-M and TO had similar scores. The 
positive association of mean scores on food avoidance domains in children with 
ADHD-M is consistent with research demonstrating that stimulant medication has 
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appetite suppressant side-effects.14·63 This observation combined with the 
observation that children with ADHD-NM scored the lowest on the food 
avoidance domain is in line with our hypothesis that medication status may have 
a differential effect on weight gain. 
Although there were no other significant differences observed in the other 
domains, we did observe a trend in one of our hypothesized domains, food 
responsiveness, and in a related domain, enjoyment of food . We hypothesized 
that children with ADHD-NM would score higher than typically developing 
children on the food responsiveness domain. Food responsiveness assesses the 
tendency to eat when prompted by external cues and its effect on appetite 
levels.48 Our data suggest a trend where ADHD-NM children were the most food 
responsive of the three groups, and typically developing children were the least 
responsive to food cues. The heighted response to food cues could be linked to 
ADHD traits such as inattention. Studies have shown that attentionally 
demanding tasks can dishabituate eating and disrupt the development of 
habituation to food cues, which may result in increased energy intake.42•64 Along 
the lines of being responsive to food cues , children with ADHD-NM had a higher 
mean score in enjoyment of food than the other two groups. Since children with 
ADHD who are not treated with medication might be more responsive to food 
cues and have higher enjoyment of food , it could be speculated that they engage 
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in more reward-based , hedonic eating behaviors, stimulated by highly palatable 
food in the environment. 28·65 
Protocol Feasibility 
Another aim of this study was to develop a study protocol and assess the 
feasibility of its implementation with children who are on ADHD medication 
(ADHD-M), off ADHD medication (ADHD-NM), and typically developing (TO). As 
we suspected , children with ADHD-NM were particularly difficult to recruit. 
Recruitment efforts through advertisements on ListServs, websites, and parental 
support groups were not sufficient to recruit the sample size we hoped to obtain 
for this study (n=1 0). With the same recruitment methods for both of the ADHD 
groups, 3 times as many children with ADHD-M were enrolled in the study than 
ADHD-NM. The difference in enrollment could indicate that parents of children 
with AD HO-M are responsive to ADHD studies concerning their child 's eating 
behaviors and appetite. A recent literature review63 concerning the effects of 
stimulant medication on growth in children and adolescence with ADHD , showed 
that treatment with stimulant medication led to statistically significant delays in 
growth. In our study, some parents of children treated with ADHD medication 
voiced that they had concerns with their child 's appetite . Therefore , the 
combination of parents noticing the appetite suppressing side-effects of stimulant 
medication and the medication's effect on child 's growth could heighten their 
interest and result in easier recruitment of children with ADHD-M. Since it was 
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difficult to recruit children with ADHD-NM , a larger study should seek to recruit 
from additional sources such as physicians who may assist us to enroll children 
at the time of diagnosis before the children begin taking medication. Exploring 
additional venues for connecting with families who choose not to medicate their 
children is also recommended. 
Regarding other aspects of the protocol , the phone screen and study visits were 
well received by the parents and the children. Parents were interested in the 
content of the questionnaires and understood the protocol. It took approximately 
half the time than initially anticipated to complete the full study visit. Overall , the 
study protocol was manageable and relatively easy to implement. 
Conclusion 
Overall , the study resulted in preliminary findings to support our hypothesis and 
to support a larger study that can expand on the eating behavior differences 
found in our study population. Also, the new protocol was shown to be 
implementable. We were able to collect the intended data, screen people based 
on the inclusion and exclusion criteria , and determine recruitment feasibility for 
ADHD children who were not taking ADHD medication . As suspected , there were 
challenges with recruitment that will need to be addressed in future studies. 
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Study Strengths and Limitations 
The pilot nature of our study included several strengths that can guide future 
studies. We created a protocol for assessing the eating behaviors of children with 
ADHD using the CEBQ that proved to be manageable and easy to implement. To 
the best of our knowledge, this was the first study to examine eating behaviors in 
this population using this instrument. Even though the sample size was small and 
of limited power, we managed to see trends that partially supported our 
hypothesis and thus warrant further investigation. 
There are a number of limitations to this study, many of which are a function of 
the very small sample size. The study lacked sufficient power to detect true 
differences among the three groups of children. Due to the small sample size we 
were also unable to adjust for confounders such parental BMI and education 
levels. There were multiple variations in dosage frequency and types of ADHD 
medications among the children taking medication. Since the sample size did not 
allow for stratified analyses by dosage, it is possible that there are differences in 
children 's eating behaviors depending on the frequency and dosage of their 
ADHD medication . 
When comparing typically developing children to children with ADHD, we were 
unable to rule out the role that gender may play in some of the significant 
findings. There were more females than males in the typically developing group 
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compared to children with ADHD. Also , our participants were predominately 
white. The majority were of normal weight with only two participants being 
overweight (11 .1% of the sample) and none being obese. A larger sample size in 
this group would allow for better comparisons among the three cohorts and 
improve the generalizability of the findings. 
The current study attempted to control for ascertainment bias by omitting any 
mention of obesity or eating problems in the recruitment materials or during the 
phone screen. However, anecdotal information obtained during conversations 
with parents during study visits revealed that some parents were concerned 
about their child 's eating , which prompted them to want to participate in the 
study. A larger study may need to address this issue in order to recruit a more 
representative sample. 
Future Directions 
Future studies could seek to explore further the trends we observed in our small 
sample size. Since this study saw differences and borderline trends in some 
obesogenic eating behaviors between children with ADHD and typically 
developing children , larger investigations are warranted, possibly including 
measures of other obesity risk factors such as physical activity levels. In addition 
to collecting data on medication status, it would be informative to see if the 
frequency of medication use and the type of medication used affect eating 
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behaviors and weight status. Future studies could assess the impact of 
medication combinations such as: 1) a once-daily extended release tablet; 2) 
once daily conventional (short-acting) dosage; or 3) twice a day of a conventional 
(short-acting) dosage. Given the impact that medication appears to have on 
several eating behavior domains, future research might also include a 
longitudinal study where children are examined at the time of diagnosis/pre-
treatment and followed over time after the medication treatment begins. This line 
of inquiry could also fold into clinical drug trials for ADHD medications. Such 
studies would permit assessment of how medication alters eating behaviors and 
appetite . Investigation into satiety responsiveness , food responsiveness , and 
desire to drink could give insight into the mechanisms contributing to the higher 
obesity risk in individuals with ADHD compared to individuals without ADHD. 
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TABLES 
Table 1: Participant characteristics 
TD ADHD-M ADHD-NM 
n=6 n=9 n=3 
Age (years i SO) 8.9 (2 .2) 8.3 (1.3) 9.4 (1.4) 
Sex n(%) 
Male n(%) 2 (33.3) 7 (77.8) 2 (66.7) 
Female n(%) 4 (66. 7) 2 (22.2) 1 (33.3) 
Race 
Whiten(%) 5 (83.3) 7 (77.8) 2 (66.7) 
Non-white n(%) 0 0 1 (33.3) 
Mixed n(%) 0 2 (22.2) 0 
Other n(%) 1 (16.7) 0 0 
Ethnicity 
Hispanic n(%) 1 (16.7) 2 (22.2) 0 
Non-Hispanic 5 (83.3) 7 (77.8) 3 (1 00) 
n(%) 
BMI percentile 53.1 (26.9) 54.2 (26.4) 65.4 (16.3) (mean :!_SO) 
<85% n(%) 5 (83.3) 8 (88.9) 3 (1 00) 
85%-94% n(%) 1 (16.7) 1 (11 .1) 0 
>95% n(%) 0 0 0 
Mom Education 
College/advanced 4 (66.7) 6 (66.7) 1 (33.3) degree n(%) 
High school/some 2 (33.3) 3 (33.3) 2 (66. 7) 
college n(%) 
Dad Education 
College/advanced 4 (66. 7) 4 (44.4) 2 (66. 7) degree n(%) 
High school/some 2 (33.3) 5 (55.6) 1 (33.3) 
college n(%) 
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Table 2: Child Eating Behaviour Questionnaire (CEBQ) domains by 
group status (mean .:t SO) 
TO ADHD-M ADHD-NM 
n=6 n=9 n=3 
Desire to Drink (DD) 1.7 {0.3) a* 3.4 (1.4) b* 3.4 {1.4) a,b 
Enjoyment of Food 3.3 (0 .8) 3.2 (0 .6) 4.1 (0.9) (EF) 
Emotional Over- 1.5 (0.7) 1.9 (0.8) 1.6 (0.6) 
eating (EO) 
Emotional Under- 2.0 {1.2) at 3.1 (0.9) bt 1.8 {0.3) a,b 
eating (EU) 
Food 1.8 (0.7) 2.5 (1.0) 3.2 (1 .7) Responsiveness (FR) 
Fussiness (FU) 3.1 {0 .7) at 4.0 (0.8) bt 2.4 {1 .6) a,b 
Slowness in Eating 2.8 (0.5) 2.9 (1.2) 1.7 (1.2) (SE) 
Satiety 2.9 {0 .9) a,b 3.6 {0. 7) a** 2.1 (0.6) b** Responsiveness (SR) 
* = significant difference at p 5 0. 05 
**=significant difference at p 5 0.01 
t = borderline significant at p < 0. 1 
a =if similar letter than there are no differences in means between the two groups 
b =if similar letter than there are no differences in means between the two groups 
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FIGURES 
Figure 1: Recruitment Flowchart 
II 55 Inquiries Received II 
I 
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time 
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lr + 
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1 Excluded from database 
ADHD-M taking only 
Clonidine 
+ • II 6TD II II 12 ADHD II 
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APPENDICES 
Appendix A: Child Eating Behaviour Questionnaire (CEBQ) 
Never Rarely Some- Often Always 
times 
My child loves food 0 0 0 0 0 
My child eats more when worried 0 0 0 0 0 
My child has a big appetite 0 0 0 0 0 
My child finishes his/her meal quickly 0 0 0 0 0 
My child is interested in food 0 0 0 0 0 
My child is always asking for a drink 0 0 0 0 0 
My child refuses new foods at first 0 0 0 0 0 
My child eats slowly 0 0 0 0 0 
My child eats less when angry 0 0 0 0 0 
My child enjoys tasting new foods 0 0 0 0 0 
My child eats less when s/he is tired 0 0 0 0 0 
My child is always asking for food 0 0 0 0 0 
My child eats more when annoyed 0 0 0 0 0 
If allowed to , my child would eat too much 0 0 0 0 0 
My child eats more when anxious 0 0 0 0 0 
My child enjoys a wide variety of foods 0 0 0 0 0 
My child leaves food on his/her plate at the 0 0 0 0 0 
end of a meal 
My child takes more than 30 minutes to 0 0 0 0 0 
finish a meal 
Never Rarely Some- Often Always 
times 
Given the choice, my child would eat 0 0 0 0 0 
most of the time 
My child looks forward to mealtimes 0 0 0 0 0 
My child gets full before his/her meal is 0 0 0 0 0 
finished 
My child enjoys eating 0 0 0 0 0 
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My child eats more when she is happy 0 0 0 0 0 
My child is difficult to please with meals 0 0 0 0 0 
My child eats less when upset 0 0 0 0 0 
My child gets full up easily 0 0 0 0 0 
My child eats more when s/he has 0 0 0 0 0 
nothing else to do 
Even if my child is full up s/he finds room 0 0 0 0 0 
to eat his/her favourite food 
If given the chance, my child would drink 0 0 0 0 0 
continuously throughout the day 
My child cannot eat a meal if s/he has 0 0 0 0 0 
had a snack just before 
If given the chance, my child would 0 0 0 0 0 
always be having a drink 
My child is interested in tasting food s/he 0 0 0 0 0 
hasn't tasted before 
My child decides that s/he doesn't like a 0 0 0 0 0 
food, even without tasting it 
If given the chance, my child would 0 0 0 0 0 
always have food in his/her mouth 
My child eats more and more slowly 0 0 0 0 0 
during the course of a meal 
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